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Abstract
Purpose:  To  evaluate  the  feasibility  of  ‘‘accelerated’’  training  for  military  doctors  in  front  line
ultrasound.  To  establish  the  number  of  ultrasounds  required  to  validate  the  doctor’s  training.
To assess  the  average  acquisition  time  for  each  ultrasound  target.
Materials  and  methods:  Prospective  study  on  10  novice  generalist  military  doctors  to  assess
training for  ﬁve  urgent  ultrasound  targets:  focused  assessment  with  sonography  in  trauma
(FAST), pleura,  bladder,  abdominal  aorta  and  gallbladder.  Each  student  received  theoretical
and practical  training  on  ‘‘healthy’’  people  and  then  performed  10  timed  ultrasounds  in  an
emergency situation,  the  result  of  which  was  either  conﬁrmed  or  rejected  by  a  nationally
qualiﬁed  ultrasound  expert.
Results:  Some  targets  were  easier  to  acquire  (bladder,  aorta  and  pleura)  with  excellent  diagnos-
tic performance  after  10  ultrasounds  on  healthy  people  (sensitivity  =  100%;  speciﬁcity  =  100%).
The overall  number  of  ultrasound  errors  fell  over  time.  The  median  investigation  time  also  fell
signiﬁcantly  for  all  targets,  reaching  a  plateau.  Twenty  ultrasounds  including  10  ‘‘real  life’’
appear to  be  needed  for  FAST.  A  minimum  number  of  30  ultrasounds  is  required  to  diagnose
acute cholecystitis.
Conclusion:  ‘‘Accelerated’’  training  for  generalist  military  doctors  in  front  line  ultrasound  isded  nachievable. The  recommen
ultrasound  targets.
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Many  studies  have  demonstrated  the  diagnostic  and
herapeutic  beneﬁts  of  portable  ultrasound  in  different
mergency  situations  seen  in  front  line  medicine  [1—7].
he  best  known  is  Focused  Assessment  with  Sonography
n  Traumas  (FAST)  to  assess  the  presence  and  extent  of  a
emoperitoneum  and  therefore  the  severity  of  an  injured
erson  in  the  minimum  of  time.  This  is  not  its  only  use
owever:  pleural  and  pulmonary  ultrasound  can  be  used
o  diagnose  hemo-pneumothorax,  inferior  vena  cava  ultra-
ound  can  guide  vascular  replacement  in  an  injured  person
nd  inguinal  fossa  ultrasound  can  facilitate  a  femoral  nerve
lock  in  a  person  with  a  leg  injury  etc.  The  emergency  physi-
ian  must  therefore  be  able  to  perform  targeted  ultrasounds
n  the  front  line  in  order  to  provide  a  fast  and  reliable
nswer  to  speciﬁc  questions.  In  order  to  achieve  this,  the
rmy  Health  Service  (AHS)  has  provided  all  of  the  Front-
ine  Medical  Services  (FMS)  and  Medical  and  Surgical  Groups
MSG)  with  portable  ultrasounds  and  training  military  doc-
ors  in  emergency  ultrasound  has  become  a  priority  for  the
HS.  It  therefore  needs  to  provide  speciﬁc,  high  quality  front
ine  ultrasound  training,  probably  for  several  years,  in  order
o  respond  to  this  immediate  need.  A  pre-requisite  for  any
raining  plan  is  to  establish  the  minimum  number  of  train-
ng  investigations  which  are  required  before  an  emergency
hysician  can  carry  out  reliable  targeted  ultrasounds  on  the
ront  line.  The  literature  provides  a  guide  to  this,  although
here  are  too  few  studies  published  to  date  in  order  to
rovide  an  absolute  answer  to  this  question.  The  primary
im  of  our  study  was  to  show  that  ‘‘accelerated’’  training
f  military  doctors  in  targeted  front  line  ultrasound  can  be
chieved  within  the  Army  Training  Hospitals  (ATH),  to  assess
he  number  of  ultrasound  examinations  required  in  order
o  be  able  to  say  that  the  ultrasound  operator  can  reli-
bly  and  independently  make  ultrasound  diagnoses  and  to
ompare  our  ﬁndings  with  those  published  in  the  literature.
he  secondary  objectives  were  to  measure  the  average  time
eeded  to  perform  a  targeted  investigation  and  to  estab-
ish  whether  this  time  falls  with  training  and  experience
n  ultrasound  in  10  non-radiologist  military  doctor  volun-
eers.
aterials and methods
his  was  a  prospective  study  to  assess  initial  training  in
mergency  ultrasound  performed  in  the  Emergency  Depart-
ent  (ED)  of  the  Laveran  Army  Training  Hospital  (AHT),
arseilles  from  1st  January  to  1st  November  2010  (10
onths).
We  included  10  general  medicine  military  residents  from
he  Laveran  ATH  who  were  beginning  their  7th  year  of
edicine.  At  the  start  of  the  training,  all  of  the  residents
ere  in  their  1st  internship  six  month  posts:  ﬁve  had  been
llocated  to  the  ED  and  ﬁve  to  the  ATH  medical  departments.
n  1st  May,  the  ﬁve  department  residents  were  allocated  to
he  ED  and  the  other  ﬁve  replaced  them  in  the  departments.
he  10  residents  carried  out  their  on  call  duties  in  the  ED
hroughout  the  study,  enabling  them  to  carry  out  their  emer-
ency  ultrasounds  in  the  presence  of  the  expert  doctor  even
f  they  were  not  allocated  to  the  ED.
The  10  residents  who  took  part  in  the  study  were  all  vol-
nteers  and  none  had  any  practical  ultrasound  experience.
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The  theoretical  and  practical  training  for  the  10  doctors
as  planned  and  delivered  by  an  emergency  physician  who
as  nationally  qualiﬁed  in  ultrasound  and  has  performed
mergency  ultrasounds  before  and  during  hospital  admis-
ions  for  5  years.  This  person  was  deemed  to  be  an  expert
or  this  study  as  he  was  the  only  person  able  to  approve  or
eject  the  conclusion  of  the  ultrasound  performed  by  the
tudent.
All  of  the  ultrasounds  were  performed  on  a  Titan
onosite® brand  ultrasound  instrument  which  is  identical  to
he  instrument  provided  by  the  AHS  in  the  surgical  wing  and
n  the  FMS.
Initially  the  students  were  given  2  hours  of  theoreti-
al  training  by  the  trainer,  with  computer  support  which
ecalled  the  basic  physical  principles  of  ultrasound.  The
rainer  then  described  the  ﬁve  areas  of  interest  for  the  study
n  detail.  These  were  called  the  ‘‘ultrasound  targets’’.  The
ndications  for  each  of  these  ultrasounds  were  explained:
Focused  Assessment  with  Sonography  in  Traumas  (FAST);
pleura;
aorta;
gallbladder;
bladder.
The  students  were  then  given  a  review  of  the  anatom-
cal  landmarks  and  ﬁnally,  for  each  ultrasound  target,  the
tudents  were  shown  a slide  presentation  of  healthy  and
iseased  appearances  and  of  diagnostic  pitfalls.
The  students  were  then  given  practical  training,  involving
 ﬁrst  ‘‘demonstration’’  ultrasound  performed  by  the  expert
n  a  departmental  nurse  as  a  healthy  subject,  describing
he  ﬁve  targets.  In  particular,  they  were  taught  about  posi-
ioning  the  probe,  adjusting  depth  and  gain  to  visualize  the
ltrasound  targets  and  the  list  of  points  to  be  examined
Appendix  I).
The  students  then  carried  out  10  ultrasounds  per  target
n  healthy  people  (learning  ultrasounds),  who  were  them-
elves  students.  The  ﬁrst  ultrasound  was  performed  under
he  supervision  and  with  the  advice  of  the  trainer/expert.
he  next  ultrasounds  were  performed  alone  although  they
ad  access  to  the  trainer  if  they  had  difﬁculties,  but  no
outine  validation  was  required.  Each  student  recorded  the
umber  of  ultrasounds  carried  out  per  target  on  a  record
heet.
Once  the  10  ultrasounds  had  been  performed  for  a  tar-
et,  the  student  informed  the  trainer  and  an  11th  and  ﬁnal
‘validation’’  ultrasound  on  a  healthy  person  was  supervised
o  validate  the  end  of  the  student’s  practical  training  for
ach  of  the  ultrasound  targets.  If  the  student  was  not  vali-
ated,  he/she  carried  out  a  further  ﬁve  ultrasounds  on  each
nvalid  target  and  was  then  reassessed  by  the  trainer.
After  the  last  ultrasound  had  been  validated,  the  student
ould  pass  to  the  ﬁnal  phase  of  emergency  ultrasound.
For  the  emergency  ultrasounds,  each  patient  who  pre-
ented  to  the  emergency  department  with  symptoms
equiring  ultrasound  as  part  of  his/her  management  ini-
ially  had  an  ultrasound  performed  by  the  expert  (Appendix
I).  Secondly,  and  with  the  patient’s  agreement,  the  stu-
ents  were  randomized  (by  a  third  party  after  numerically
nonymizing  the  student  and  patient)  to  perform  the  ultra-
ound  under  the  supervision  of  the  trainer  and  then  reported
is/her  conclusions  to  the  trainer.  The  ultrasound  was  then
quate  training  1111
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either  approved  or  rejected  by  the  expert  (Appendix  III) and
the  results  were  recorded  in  the  individual  training  diary.
Each  ultrasound  was  timed  and  each  student  performed
10  ‘‘real  life’’  ultrasounds  per  target  regardless  of  their
ultrasound  ‘‘failures’’.
The  numbers  of  diagnostic  errors  over  time,  all  targets
combined,  and  then  by  target,  were  recorded  in  order  to
identify  possible  complexities  in  acquiring  the  ultrasound
image  for  some  organs.  The  time  each  investigation  lasted
was  recorded  in  order  to  study  the  change  in  median  and
minimum  time  of  a  targeted  ultrasound.
The  statistical  analysis  was  performed  on  Epi  Info  soft-
ware  version  3.3.2.  Qualitative  variables  are  presented  as
numbers  and  quantitative  variables  as  median  values  with
their  ranges.  Quantitative  variables  were  tested  by  the  non-
parametric  Kruskal-Wallis  test.  A  P  value  of  less  than  0.05
was  deemed  to  be  signiﬁcant.
Results
Ten  doctors  (ﬁve  men  and  ﬁve  women)  were  assessed
between  January  and  November  2010.  All  were  at  the  same
level  in  their  training  (ﬁrst  year  resident).  Five  hundred  real
life  ultrasounds  were  carried  out  (10  ultrasounds  for  each  of
the  ﬁve  targets  per  student).
The  10  students  initially  included  all  completed  the  study.
The  ﬁrst  10  investigations  on  healthy  people  for  each  target
were  validated  and  no  students  had  to  carry  out  additional
ultrasounds.
After  an  arbitrary  threshold  of  20  ultrasounds,  the  sen-
sitivity,  speciﬁcity,  positive  predictive  value  (PPV)  and
negative  predictive  value  (NPV)  of  the  ‘‘real  life’’  ultra-
sounds  were  excellent  (all  100%)  for  three  targets  (aorta,
pleura  and  bladder).  The  sensitivity  of  the  ultrasounds  how-
ever  was  signiﬁcantly  lower  for  FAST  and  gallbladder  (82.4%
and  66.7%  respectively,  Table  1).
The  number  of  ultrasound  errors  in  the  ‘‘real  life’’  situ-
ation  fell  rapidly  over  time  for  all  operators  on  all  targets
combined,  to  one  or  fewer  from  the  4th  ultrasound  (Fig.  1).
No  errors  were  made  in  the  various  real  life  ultrasounds
for  the  bladder,  aorta  and  pleura  targets.
Seven  ultrasounds  were  not  approved  for  FAST.  These
were:
• six  false  negatives  in  which  the  students  incorrectly  con-
cluded  that  no  effusion  was  present  (two  effusions  in  the
pouch  of  Douglas,  two  pericardial  effusions,  one  effusion
in  the  spleno-renal  cavity,  one  intra-peritoneal  effusion
visible  in  Morrison’s  cavity,  the  inter-spleno-renal  space
and  pouch  of  Douglas);
Table  1  Performances  statistics  after  20  ultrasound
investigations.
Aorta  Bladder  Pleura  FAST  Gallbladder
Se  (%)  100  100  100  82.4  66.7
Sp  (%)  100  100  100  98.5  95.9
PPV  (%)  100  100  100  96.6  85.7
Se: sensitivity; Sp: speciﬁcity; PPV: positive predictive value.
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aigure 1. Learning curve for the 500 real life ultrasounds per-
ormed by 10 students.
one  false  positive  in  which  the  student  incorrectly  con-
cluded  that  a  spleno-renal  effusion  was  present.
All  of  the  rejected  ultrasounds  were  amongst  the  ﬁrst
nvestigations  carried  out  by  the  student.
After  the  4th  real  life  ultrasound,  the  number  of  errors
ommitted  remained  at  zero.
Twelve  of  the  100  gallbladder  ultrasounds  performed  by
he  10  students  did  not  agree  with  those  carried  out  by  the
rainer  and  were  therefore  not  approved.  These  included
ine  false  negatives  in  which  the  students  incorrectly  con-
luded  that  cholecystitis  was  absent:
three  students  failed  to  recognize  a  gallbladder  wall
thickening;
one  student  did  not  see  a gallstone;
ﬁve  students  failed  to  see  either  a thickening  of  the  gall-
bladder  wall  or  the  concomitant  presence  of  a  gallstone.
Three  false  positives  in  which  the  gallbladder  walls  were
ncorrectly  described  as  thickened.
The  number  of  errors  showed  a  decreasing  trend  over
ime  although  these  had  not  disappeared  completely  at  the
nd  of  the  study  (one  error  on  the  9th  ultrasound).
Aortic  ultrasound  is  signiﬁcantly  the  fastest  investiga-
ion  to  perform  with  the  least  variation  in  examination
imes.  On  the  other  hand,  FAST  followed  by  gallbladder
nd  investigation  of  the  pleural  cavity  requires  most  time
180  seconds  median  time  for  FAST)  (Table  2).  The  range  of
imes  required  to  perform  these  investigations  was  similar
540  to  570  seconds).
The median  time  to  perform  the  ultrasound,  all  types
ombined,  was  120  seconds  (2  minutes).
Regardless  of  target,  the  median  time  to  perform  all  of
he  ultrasounds  showed  a  continuous  signiﬁcant  decreasing
rend  (P  <  0.001,  Fig.  2),  reaching  a  plateau  from  the  20th
ltrasound,  all  targets  combined  (ﬁgures  non  shown).
The  minimum  time  varied  very  little  as  the  ultrasounds
rogressed  and  reached  its  nadir  from  the  2nd  ultrasound.
iscussionur  study  shows  that  ‘‘accelerated’’  training  of  mili-
ary  doctors  in  targeted  emergency  medicine  ultrasound  is
chievable  in  the  Army  Training  Hospitals  as  all  of  the  10
1112  N.  Cazes  et  al.
Table  2  Median  time  and  range  of  times  to  perform  ultrasounds,  with  statistical  signiﬁcance  (P).
Aorta  Bladder  Pleura  FAST  Gallbladder
Median  time  (s)  60  60  120  180  150
Range  (s)  220  570  570  540  570
P  0.001 0.002  
F
s
a
t
s
t
s
c
p
1
f
O
l
i
w
p
u
r
o
h
e
p
d
e
l
c
a
e
o
b
t
t
E
l
m
o
p
g
n
c
i
c
v
v
t
a
t
r
n
i
t
b
i
i
U
p
r
u
m
d
u
a
a
8
b
o
m
t
U
p
c
d
r
f
n
i
e
t
p
n
t
f
FAST  is  now  an  integral  part  of  the  speciﬁc  managementigure 2. Change in overall time required for the ultrasound.
tudents  included  completed  their  training  and  carried  out
ll  of  the  initially  intended  ultrasounds  (20  ultrasounds  per
arget,  including  10  in  an  emergency  situation).
The  three  easiest  ultrasound  targets  to  examine  in  our
tudy  were  the  bladder,  aorta  and  pleura.  The  military  doc-
or  can  be  quickly  and  effectively  trained  in  these  three
ituations  as  20  learning  ultrasounds  after  short  theoreti-
al  training  enables  them  to  achieve  excellent  results.  The
ositive  and  negative  predictive  values,  both  of  which  were
00%  in  our  study,  suggest  that  front  line  ultrasounds  per-
ormed  for  these  three  targets  would  be  extremely  reliable.
ur  ﬁndings  are  also  consistent  with  those  published  in  the
iterature,  with  the  exception  of  bladder  ultrasound,  which
s  used  to  investigate  for  acute  urinary  retention  on  which
e  found  no  publications.  A  review  of  the  literature  on
leural  ultrasound  (examining  for  an  effusion)  and  aortic
ltrasound  (examining  for  abdominal  aortic  aneurism)  has
eported  similar  results  to  our  own  [8—13].  The  number
f  learning  investigations  required  to  obtain  these  results,
owever,  is  rarely  stated.  Kuhn  et  al.  [8]  and  Costantino
t  al.  [9]  assessed  the  performance  of  trained  emergency
hysicians  who  had  received  either  speciﬁc  training  for  3
ays  (including  2  hours  of  theory)  [8]  or  general  training  in
mergency  ultrasound  [9]  as  part  of  their  training  (equiva-
ent  to  validation  of  150  emergency  ultrasounds,  all  targets
ombined),  for  the  ultrasonography  detection  of  abdominal
ortic  aneurism.  Wilkerson  and  Stone  [14]  reviewed  the  lit-
rature  to  determine  the  sensitivity  of  ultrasound  diagnosis
f  the  pneumothorax  performed  by  an  emergency  physician
ut  did  not  describe  the  minimum  number  of  investiga-
ions  required  to  deem  the  ultrasonographer  competent  in
his  situation.  They  suggested  that  the  American  College  of
mergency  Medicine  recommendations  [15]  should  be  fol-
owed,  i.e.  25  to  50  learning  ultrasounds.
These  three  targets  are  all  important  in  front  line
edicine.
Bladder  ultrasound  to  examine  for  a  globus  vesicalis  is
ften  required  in  the  management  of  front  line  injuries,
o
t
r0.04  <  0.001  0.04
articularly  in  victims  treated  with  opiate  analgesics  or
eneral  anesthesia.  In  addition  to  establishing  a clear  diag-
osis  of  acute  urinary  retention,  bladder  ultrasound  can
onﬁrm  the  need  for  catheterization  in  this  situation  and
f  necessary  can  be  used  to  guide  insertion  of  a  suprapubic
atheter  before  the  victim  is  evacuated  by  road  or  air.
Pleural  ultrasound  to  examine  for  a  pleural  effusion  pro-
ides  an  earlier  diagnosis  of  a  ﬂuid  or  gas  effusion.  This  is  a
ery  common  situation  on  the  front  line  as  recent  studies  on
he  war  in  Afghanistan  have  shown  that  24%  of  chest  injuries
re  fatal  [16—19],  and  that  the  majority  of  deaths  are  due
o  tension  pneumothorax  often  associated  with  a  hemotho-
ax  which  is  very  difﬁcult  to  diagnose  clinically  in  a  hostile,
oisy  environment  [20].  Pleural  ultrasound  can  then  guide
nsertion  of  a  chest  drain  which  is  very  often  indicated  in
his  situation,  particularly  if  the  victim  is  to  be  evacuated
y  air.
In  terms  of  the  aorta,  the  literature  describes  blast
njuries,  high  energy  blunt  and  penetrating  wounds  caus-
ng  traumatic  aortic  damage,  laceration  or  rupture  [21,22].
ltrasound  can  reliably  establish  whether  aortic  damage  is
resent,  which  may  directly  inﬂuence  the  times  and  means
equired  to  evacuate  the  injury  victim.
Our  results  also  show  that  the  number  of  ‘‘learning’’
ltrasounds  varies  depending  on  the  targets  concerned.  The
ost  difﬁcult  learning  target  in  our  study  was  the  gallblad-
er.  The  results  of  the  doctors  trained  with  20  learning
ltrasounds  including  10  real  life  examinations  in  our  series
re  inadequate  to  provide  a  reliable  positive  diagnosis  for
cute  cholecystitis  (sensitivity  66.7%,  speciﬁcity  95.9%,  PPV
5.7%  and  NPV  88.6%).  The  literature  reports  considerably
etter  results  than  ours  (sensitivity  and  speciﬁcity  were
ver  90%),  although  this  was  after  training  with  a  mini-
um  of  25  to  50  investigations  [23—25].  This  is  taught  in
he  emergency  ultrasound  module  of  the  French  National
ltrasound  Diploma.  An  increasing  number  of  emergency
hysicians  trained  in  ‘‘conventional’’  emergency  medicine
an  therefore  diagnose  acute  cholecystitis  in  the  emergency
epartment  and  contact  a surgeon  without  the  need  for  a
adiologist.  This  particular  investigation  is  of  no  use  in  the
ront  line  situation  and  we  therefore  propose  that  it  should
ot  be  included  in  the  speciﬁc  front  line  ultrasound  train-
ng.  We  do,  however,  think  that  this  target  was  useful  as  our
veryday  hospital  emergency  department  practice  suggests
hat  biliary  ultrasound  is  the  most  difﬁcult  for  an  emergency
hysician  to  master.  The  number  of  learning  investigations
eeded  (over  30)  could  act  as  the  ‘‘upper  limit’’  when  we
ry  to  establish  the  number  of  training  investigations  needed
or  other  targets  in  front  line  ultrasound.f  the  multiply  injured  patient  [26—28]. It  is  just  as  impor-
ant  in  front  line  medicine  as  it  has  been  shown  in  the
ecent  conﬂict  in  Iraq  and  Afghanistan  that  more  than  75%
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of  injuries  are  due  to  explosive  devices,  particularly  Impro-
vised  Explosive  Devices  (IEDs),  which  are  responsible  for  11%
of  abdominal  injuries,  often  multiple,  severe  and  probably
more  common  than  in  older  conﬂicts  (Indochina,  Algeria)
[20].  Deaths  from  these  abdominal  wounds  occur  in  the  ini-
tial  hours  after  the  injuries.  Routine  use  of  FAST  on  these
injury  victims  considerably  improves  triage  and  prioritiza-
tion  of  their  management.  Military  doctors  should  therefore
be  routinely  trained  in  this  ultrasound  method  before  leaving
for  a  conﬂict  zone.  Our  study  showed  that  accelerated  FAST
training  is  achievable  and  reliable,  with  a  sensitivity  of  82%
and  speciﬁcity  of  98%.  These  results  are  entirely  satisfactory
and  are  similar  to  those  published  by  many  groups  [29—34].
The  North  American  consensus  statement  of  December  1997
[35]  on  the  minimum  initial  FAST  training  for  non-radiologists
recommended  theoretical  (4  hours)  and  practical  (4  hours)
training  supplemented  by  supervised  learning  on  200  inves-
tigations.  Many  authors  have  reported  that  the  number  of
learning  investigations  needed  is  probably  lower:  Rozycki
et  al.  [33]  and  Ma  et  al.  [36]  described  similar  ﬁgures  to
our  own  in  terms  of  sensitivity  and  speciﬁcity  with  a  larger
number  of  learning  investigations  than  our  own,  of  around
50.  On  the  other  hand,  Tso  et  al.  [37]  achieved  a  sensitivity
of  91%  and  speciﬁcity  of  96%  after  one  hour  of  theory  and  one
hour  of  practice.  Our  results  are  closer  to  those  of  Shack-
ford  et  al.  [29]  and  Smith  et  al.  [32]  who  concluded  that  the
minimum  number  of  learning  investigations  required  was  10
and  25  respectively  for  performance,  which  was  almost  the
same  as  we  found.
Other  studies,  however,  have  reported  better  sensitivity
results  with  similar  speciﬁcity  to  those  in  our  series.  This
applies  particularly  to  Thomas’  [38]  and  Jang’s  [39]  groups
who  reported  sensitivities  of  over  90%  with  a  speciﬁcity  of
almost  100%.  These  studies  describe  a  need  for  between  30
and  50  learning  ultrasounds.  We  believe,  therefore,  that  a
minimum  of  30  investigations  is  required  for  FAST  training
for  front  line  doctors.
Under  enemy  ﬁre  or  in  a  hostile  environment  the  front
line  doctor  has  very  little  time  to  assess  and  triage  the  vic-
tim  and  treat  absolute  emergencies.  Front  line  ultrasound
needs  therefore  to  be  a  fast  investigation  which  should  never
delay  medical  or  surgical  management  or  evacuation  of  the
patient.  The  median  time  required  to  perform  the  investiga-
tions  (all  targets  combined)  in  our  study  was  2  minutes.  This
is  entirely  compatible  with  front  line  restrictions  described
above.  It  is  important,  however,  to  take  account  of  the
‘‘stress’’  factor  which  was  absent  from  our  study  as  a  vari-
able  which  could  increase  the  time  required  to  perform  a
front  line  ultrasound.  The  time  needed  to  perform  ultra-
sounds  is  also  related  to  the  type  of  the  population  being
investigated.  Our  study  does  not  provide  any  information
about  this.  In  a  hostile  environment,  it  is  likely  that  the
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‘stress’’  factor  would  increase  the  time  required  for  the
nvestigation  compared  to  the  times  which  we  found.  On
he  other  hand,  it  is  also  likely  that  the  victims  on  whom
he  ultrasounds  are  performed  (mostly  young  soldiers)  show
 better  acoustic  window  than  the  patients  in  our  study
all-comer  emergency  department  attendees).
It  is  difﬁcult  to  compare  our  ﬁndings  to  those  in  the  lit-
rature  as  there  are  very  few  studies  examining  the  time
equired  to  perform  targeted  ultrasounds.  The  only  study
e  found  was  on  FAST  in  which  Gogalniceanu’s  group  [40]
ublished  similar  investigation  times  to  our  own  after  the-
retical  and  practical  training  for  5  hours  delivered  to  25
tudents  in  their  3rd  and  5th  year  of  medicine.
Finally,  our  study  shows  that  carrying  out  more  than  20
nvestigations  per  target  probably  does  not  further  shorten
he  time  needed  for  the  investigation  as  the  median  times
o  perform  the  ultrasounds  reached  a  nadir  before  the  20th
ltrasound,  which  did  not  fall  further  regardless  of  target.
onclusion
ilitary  doctors  need  to  be  trained  in  front  line  ultrasound
o  optimize  the  management  of  battle  victims  on  foreign
perations.  This  training  can  be  given  in  the  Army  Training
ospitals.  The  practical  training  should  involve  no  more  than
round  twenty  investigations  for  the  easiest  targets  such  as
he  bladder,  aorta  and  pleura.  A  larger  number,  probably
0,  is  required  for  FAST.  Training  in  the  ultrasound  diag-
osis  of  cholecystitis  does  not  appear  to  be  useful  in  front
ine  medicine  although  it  does  provide  an  upper  threshold
or  the  number  of  investigations  required  in  the  student’s
earning  curve  (between  30  and  50  investigations).  Front
ine  ultrasound  training  offered  by  the  Army  Health  Service
hould  always  prioritize  the  ‘‘practical’’  aspects  of  learn-
ng,  as  brief  theoretical  training  is  sufﬁcient.  All  military
nterns  in  general  medicine  could  be  trained  in  front  line
ltrasound  by  military  emergency  physicians  qualiﬁed  in  the
echnique  during  their  mandatory  time  in  the  emergency
epartments  in  their  respective  ATH.  An  individual  front  line
ltrasound  training  ‘‘passport’’  listing  all  of  the  investiga-
ions  performed  during  the  training  would  help  to  certify
hat  a  sufﬁcient  number  of  targeted  ultrasounds  have  been
erformed.  Validation  of  this  passport  combined  with  an  end
f  training  examination  would  lead  to  ﬁnal  ‘‘certiﬁcation’’
f  front  line  ultrasound  capability.isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
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ppendix I. Ultrasound images to be
isualized in a healthy person
ltrasound
targets
Ultrasound  images  to  be  visualized  in  a
healthy  person
AST 4 window  view:
  Pericardium  (sub-xiphoid  view)
  Hepato-renal  space  (Morrison)
  Spleno-renal  space  (Köhler)
  Peri-vesicular  spaces  and  pouch  of
Douglas
leura Bilateral  view:
  Anterior  apical  pleural  sliding
  Costa  phrenic  angle
orta   Longitudinal  transverse  view
  Measurement  of  aortic  diameter
allbladder   Gallbladder  view
  Measurement  of  gallbladder  wall
  Investigation  for  gallstones
ladder   Longitudinal  transverse  bladder  view
  Measurement  of  bladder  volume
ppendix II. Indications for ‘‘real life’’
ltrasounds in our study
ltrasound
argets
Symptoms  for  which  emergency
department  ultrasound  was  indicated
AST Abdominal  and  chest  trauma
Suspected  ectopic  pregnancy  (EP)
Clinically  suspected  effusion  in
chronic  liver  disease  or
decompensated  cardiac  disease*
leura Chest  injury
Chest  pain  suggestive  of
pneumothorax
Dyspnoea
Clinically  suspected  pleurisy
Review  after  pleural  aspiration
orta Abdominal  pain  in  anyone  over  60
years  old
Known  abdominal  pain  in  anyone
with  an  abdominal  aortic  aneurysm
(AAA)  or  a  history  of  multiple
vasculopathy
Pulsating  and  palpable  expansive
abdominal  mass
allbladder Abdominal  pain  suggestive  of
biliary  tract  gallstones
Atypical  abdominal  pain  (screening
ultrasound)N.  Cazes  et  al.
ppendix  II  (Continued  )
ltrasound
argets
Symptoms  for  which  emergency
department  ultrasound  was  indicated
ladder Clinically  suspected  acute  urinary
retention
Anuria  or  overﬂow  incontinence
Macroscopic  hematuria
these diseases are not included in the recognized indications for
AST but were included in the study in order to increase the fre-
uency of ‘‘ﬂuid effusion’’ event.
ppendix III. Validation criteria for
mergency ultrasounds
ltrasound
targets
Validation  criteria  for  urgent  ultrasound
AST • Visualization  of  an  effusion  or  lack  of
effusion  in  the:
Pericardium
Inter-hepato-renal  (Morrison’s  cavity)
Inter-spleno-renal  (Köhler  space)
Recto-uterine  (pouch  of  Douglas)  and
lateral  uterine  spaces
leura •  Visualization  of  an  effusion  or  lack  of
ﬂuid  pleural  effusion
•  Visualization  of  presence  or  absence  of
pleural  rubbing  (and  possibly
development  of  a  ‘‘lung  point’’)
orta •  Presence  or  absence  of  loss  of  parallelism
of  the  aortic  wall  (transverse  and
longitudinal  sections)
•  Measurement  of  transverse  aortic
diameter  ±  10%  of  the  value  found  by  the
trainer
•  Conﬁrmation  of  exclusion  of  a  diagnosis
of  abdominal  aortic  aneurysm  based  on
the  following  information:  combination
of  dilatation  of  the  abdominal  aortic
diameter  to  more  than  30  mm  with  loss
of  parallelism  of  the  abdominal  aortic
walls
allbladder •  Visualization  of  the  presence  or  absence
of  gallstones
•  Measurement  of  the  gallbladder
wall  ±  10%  to  the  value  found  by  the
trainer  with  binary  qualitative  estimate
‘‘thickened’’  (diameter  >  3  mm)  or  ‘‘not
thickened’’  (diameter  ≤  3  mm)
ladder •  Measurement  of  bladder  volume  no  more
than  ±  10%  different  from  the  value
found  by  the  trainer  by  the  equation
(0.75  ×  width  ×  height  ×  depth)
•  Conﬁrmation  of  the  diagnosis  if  ‘‘globus
vesicalis’’  in  urinary  retention  of  more
than  300  mL  combined  with  an  inability
to  pass  urine
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